B. METEOROLOGI CAL  RESULTS

Because of the prevailing winds to the northwest and southeast,
the highest pollution concentrations were in these directions.

The proportional concentrations predicted for the Sioux City

area are shown in Figure 111-10 for sixteen directions. In
Table 111-1, the pollution concentration at 2 kiloneters is com
pared for each of the sixteen wnd directions. Certain direc-
tions, such as the southwest and east, receive relatively little
pollution regardless of distance from the plant or season. The

predom nance of wnd direction alone guarantees variation in
the pollution exposure of various farns. Note that at a given
distance from the plant the level of sulfur dioxide concentra-
tion is proportional to the level of wet deposition. This pro-

portion only changes wth distance from the polluting source

The level of pollution concentration is predicted to fall rapidly
with distance from the plant. As one travels north from the
power plant, the sulfur dioxide concentration falls from 683

ug/m3 two kilonmeters away to 56ug/m3 just ten kiloneters away

and to 5.9 ug/ur’ just thirty-five kiloneters north. (Table 111-2).
Thus, the <concentration falls to one percent from two kiloneters
to thirty-five Kkilonmeters. Figures II1-11, 111-12 and 111-13
show the relationship of concentration and distance in north-

nort hwest, east and west-northwest directions. (See Figure

I11-16 for transect |ocations). If anbient pollution has an

effect there should certainly be a difference between the farns

close to the power plant and those far away.

The level of wet deposition does not fall nearly as rapidly as
the anbient sulfur dioxide concentration. From its maxi mum at
two kiloneters from the plant, it falls to ten percent of that

only after twenty-five kilonmeters, and to one percent of the
maxi rum value only after one hundred ten Kkiloneters. | sopl eth

maps conparing anbient 502 to wet deposition are shown in
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Figure 1I11-10. Sul fur dioxide distribution as
predicted by the neteorological
nodel at 10 miles from the source.

52



TABLE I111-1. Added Pollutant Concentration (ug/mJ). Two

Kil ometers From Source. Based on 1978 Em ssions.

Di rection Sul fur Wet
From Source Di oxi de Deposition

N 683 18

NNE 326 10

NE 233 9

ENE 168 6

E 244 10

ESE 526 17

SE 877 25

SSE 734 19

S 570 16

SSW 301 10

SwW 275 9

WSW 264 9

w 118 7

WNW 587 16

NW 764 19

NNW 817 18
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TABLE |11-2. Pollution Concentrations Wthin the Power Plant
Plume at Varying Distances North of Sioux Gity.

Di st ance Sul fur Wet
(Ki Il oneters) Di oxi de Deposition
2 683 17
4 244 11
6 82 6
10 56 78
15 28 31
20 168 22
25 112 16
30 79 11
35 59 8
40 45 8
50 31 6
60 19 4
70 14 3
80 11 3
90 8 2
100 8 7
120 6 1
140 3 1
160 3 .05
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Figures I11-14 and 111-15.

Since wet deposition is relatively slower to fall wth distance,
it is possible to estimte the relative effect of wet deposition
versus anbient pollution by conmparing effects at different dis-

t ances. More distant sites have relatively nore wet deposition
to anbient pollution. O course, such conparisons depend heavily
on the accuracy of the dispersion nodel. Wet  deposition could
sinply be acting as a proxy for pollutants capable of travelling
greater distances w thout deposition or transformation. Thus,

wet deposition may be a proxy for sulfate, for exanple.
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C. M CRODATA ANALYSI S

In this study we perform analyses on two data sets, data from
individual farms and that from the Census of Agriculture. The

data from the Census is aggregated to the county level and so

is referred to in this study as our county data analysis. The
data from individual farnms was collected through our survey.
The farm data lie along three transects from the power plant
source, to the north, northwest, and east. (Figure 111-16).

Because of prevailing wnd patterns (especially during the grow
ing season) , the farms to the northwest receive significantly
nore pollution from the plant than the farms to the east. As

is clear from the neteorological nodel, it should also be true
that farns far from the plant are exposed to nmuch less air
pol |l uti on.

The purpose of this analysis is to test the effect of air pollu-
tion on crop yield per acre. As a proxy for pollution, we use
both the distance and the direction of the farm from the power
pl ant . This nethod wll not reveal a precise dose-response
curve but it wll provide tw tests of the significance of a

response (one test for direction and the other for distance).

In order to control for wundesired influences, data was collected

on capital per acre, labor per acre, herbicides, seed types, in-
secticides, farm size and general soil type (bottomand or hills).
Al though each of these are potentially inportant variables, the
-consistency of responses by farnmers to some of these questions sug-
gest the data may be plagued with neasurenent error. Qur capita
and |abor neasures, for exanple, may be inaccurate which wll |[ead
to their coefficients in the analyses of this sanple to be biased
towards zero. Wth better neasures, however, these variables could
well be inportant.

Regression analysis wth the full data set revealed that nost var-

iables were incapable of explaining the variation in yields of
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both corn and soybeans across the sanple. The results of the

soybean regressions are displayed in Table 111-3. Three func-
tional forms were explored: linear, log Ilinear and |og-Iog.

In the linear specification (first colum), only the size of
the farm is significantly different from zero. Soybean yields
increase with distance (less pollution) but at virtually unde-
tectable rates. The farnms in the northwest direction (nore
pollution) have lower yields than the eastern farns (less

pol Il ution). In the log linear specification, both bottonland
and farm size are signficantly different from zero. Soybean

yields increase wth distance (less pollution) but farns in

the northwest (nore pollution) have higher yields than farns

in the east. In the log-log specification, the ~coefficients

of herbicides and farm size are signficantly different from zero.
Yields of soybeans increase with distance and farnms in the

nore polluted areas have |ower vyields.

Across the specifications in Table 111-3 different independent
variabl es becone signficant. In none of the regressions are

the proxies for pollution signficantly different from zero.
However, in two of the three specifications, all of the pollut-

ant coefficients indicate a harnful effect. In the single
specification wth inconsistent signs, only one of the three coef-
ficients suggested pollution my be beneficial. The responses,
though weak, are at least consistent and somewhat robust wth

respect to the functional form of the regression

The regressions upon corn yield with the mcro data provide no
coefficients which are signficantly differently from zero (Table
[11-4). Qur confidence in these regressions is |ow Nonet hel ess,
it is interesting to review the inpact of the proxies for pollu-
tion on crop vyield. Only in the linear specification do corn
yield increase wth distance (lower pollution). In all three
specifications, the nore polluted directions generally had higher

yi el ds. The results for corn are alnobst exactly opposite the
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TABLE [I11-3.

| ndependent
Vari abl es

Her bi ci des

Bott om and

Farm Size

Di st ance

Nort h

Nort hwest

Const ant

SEE
Mean

2The dependent variable in

yield per

M crodata Analysis of Soybean

Mul tiple Regression

Yi el ds. a

Functi onal Form

Li near Log Linear Log Log
3.53 . 36 . 38
(.72) (1.27) (2.30)

-10.9 -1.34 -.74
(.99) (2.08) (1.45)
.03 .002 .50

(1.95) (2.28) (5.09)
. 00001 . 0002 . 06
(.00) (.65) (.53)

-9.6. -. 41 -.31

(1.37) (1.01) (.99)

-10. 2 . 34 . 05
(.80) (.46) (.08)

31.8 2.87 1.00

(4. 26) (6.64) (1.10)

. 36 .41 . 67

14.0 . 82 . 60

27.0 2.99 2.99

all three regressions is soybean
acre. The t statistics are in parentheses.
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TABLE 111-4.Mcrodata Analyses of Corn Yield.?

Multiple Regression Functional Form

| ndependent Li near Log Linear Log Log
Vari abl es
Her bi ci des -5.7 .03 .04
(.51) (.10 (.19
Fertilizer .09 . 002 .07
(1.32) (1.23) (1.08)
I nsecti ci de -15.6 -.43 .15
(.53) (.68) (.54)
Sul fur 10. 3 - 36 .23
(.52) (.83 (.58)
Bot t onl and -28.1 -.93 -.85
(1.05) (1.62) (1.58)
Farm Si ze . 008 -.0002 ---
(.53) (.62)
Di st ance . 001 -. 0003 -.11
(.03) (.65) (.60)
Nort h 7.9 .44 .34
(.42 (1.10) (.86)
Nor t hwest 2.9 .61 . 56
(.08) (.83) ( . 77)
Const ant 69.0 4.03 4. 39
(2.18) (5.93) (3.45)
{2 22 .25 25
SEE 37.00 . 80 .78
Mean 60.00 3.85 3.85
The dependent variable in all three regressions is corn yield
per acre. The t statistics are in parentheses.
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results for soybeans, whereas, the the strength of the results
is weak in both cases, they consistently point to a harnful
effect to soybeans but a beneficial effect to corn.
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D. COUNTY DATA ANALYSI S

In addition to the analysis of individual farnms, we analyzed the
data collected by the Census of Agriculture. The Census data
has the advantage of observations over time, a large sanple, and
| ow cost. The disadvantages of the Census data are the Ilimted
nunber of questions and the aggregation of the data to the

county level (to protect confidentiality). Curiously, the

anmount of data collected by the Census has clearly deteriorated
since the 1974 Census. The nost recent Census (1978) failed

to collect information about fertilizers and reported insecti-
cide and herbicide in nopre aggregate figures. Further, the

nmost recent Census does not provide crop vyield data per acre

for a nunber of counties. A final limtation of the 1978 count
is that two years later, only one state has conpleted its report
(the three other state reports are still in press).

The central purpose of the county analysis is to determ ne whether
average pollution levels in a county affect the average crop

yields per acre. The average pollution level in each county was
nmeasured as the seasonal average pollution level in the geographic
center of each county. This aggregation obviously involves sone

nmeasurenment error since the county farnms closer to the pollution
source obviously were exposed to nore pollution than the farns
further away. The level of pollution is calculated by an index
nunber which shows the relative amunts of pollution each farm

is expected to receive. These index nunbers were calculated using
the nmeteorological dispersion nodel described in Section I1I-E

The absolute levels of pollution vary each year depending on the
level of emssions during that year

Al though the pollution exposures across the counties wthin one
hundred Kkiloneters of the site <clearly wvaried, other variables
such as wuse of fertilizer, |Ilinme, insecticides, etc. also varied

across farns. In order to control for these unwanted vari ations,
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a multiple regression analysis was used. For each year in which
Census data are available, 1969, 1974, and 1979, a separate cross-
sectional analysis is used, conparing one farm to another during
each year. Because separate analyses are perforned each year
there is also a time variation which permts detection of factors
changing over the period. This tinme variation is particularly
interesting since the emssions from the source increased drane-
tically between 1969 and 1979. Price of crops were not wused in

cross-sectional analysis since local prices were assuned to be

relatively constant for all farns.
Several functional forns were estimated across counti es. The two
best fitting fornms were the linear and |og-log functions. The

linear functional form had nore significant coefficients in genera

while the pollution response coefficients were sonetines nore

significant in the |log-log regression. If our purpose was to ex-
plain wvariations in yields across counties, the linear regression
would clearly be superior. However, our purpose is to explore the
relation between pollution and crop vyields. There is unfortunately

no unanbiguous statistic which points to the preferrable functional
form for this purpose. W, therefore, display the results of both

sets of regressions although we concentrate our discussion upon the
linear functional form

The regressions displayed in Table 111-5 and Table 111-6 have 1lin-
ear functional forms which appeared to be superior to logarithnic
forns. Several of the independent variables have significant coef-
ficients and the regressions explain a large fraction of the ob-
served variation in crop yields across counties. Although this is
no guarantee that one is neasuring the effect of air pollution
accurately, the significance of the «coefficients suggest the nodel

has sone relation to the real world.

The regressions of soybean yields suggest that larger farns are
nmore productive. Fertilizer and |ine generally increase yield
but these relationships are not totally consistent. I nsecticides
appear to help yield but the results wth herbicides are nixed.

There are two possible interpretations of the weak effects
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Table I11-5. County Data Analysis of Soybean
| ndependent Crop  Year
Vari abl es 1969 1974
Farm Size .09 .08

(4. 40) (5.53)
Dry Fertilizers 189.0 102.0
(1.33) (1.78)
Wet Fertilizers 728.0 -37.6
(2.24) (.07)
Li me 2.70 1.97
(3.95) (3.09)
Il nsecticide . 06 .04
(2.11) (2.73)
Her bi ci de -.02 .01
(1.43) (1.76)
Sul fur Dioxide Index . 0367 . 209
(.62) (3.44)
Acid Rain |[|ndex -0.210 -1.146
(.63) (2.34)
Sout hern Quadr ant 3.07 2. 06
(2. 14) (1.56)
Const ant 17. 6 12. 0
(10. 90) (6.83)
R2 . 648 . 591
SEE 3.28 3.18
Mean 29.6 24.5
No. of QObservations 66 66

69

Yield.?2

1979

. 220
71.6
40. 6
26



Table I11-6.

| ndependent
Vari abl es

Farm Size

Dry Fertilizer
Wet  Fertilizer
Li me

Il nsectici de

Her bi ci de

Sul fur D oxide |ndex
Acid Rain |[|ndex

Sout hern Quadrant
Const ant

R2

SEE

Mean

No. of Observations

County Data Analysis of

1969

-1.89
(5. 15)

-46.5
(1.03)

2319. 0
(12.14)

-28. 4
(4.34)

- .58
(1.89)

.03
(.28)

. 347
(. 60)

- . 464
(.14)

- 26. 2
(1. 69)

224.0
(5. 66)

. 939
31.6
99. 2
66

Corn

Crop Yields
1974

.25
(2.24)

408. 0
(5. 88)

109. 0
(.83)

3. 49
(1.26)

-. 002
(.03)

.02
(1.18)

(2.19)

-3.780
(2.59)

-17.6
(3.11)

-11.2
(.92)

. 728
11.7
54.0
66

70

Yi el d.

1979

(1. 15)

.133
(. 66)

-1.020
(.78)

100.0
(8. 15)

.44
4.6
112.0
20



of some of these farm inputs. 1) The inputs are generally bene-
ficial but some types of herbicides or wet fertilizers are nore

harnful than beneficial. 2) The inputs are always beneficial but
farms with particularly bad soils or weed problens use nore of
the inputs. The inputs thus appear to have harnful effects, but,

in fact, are just proxies for the quality of the soils or grow
ing conditions. In either case, nost of the farm inputs are
probably accounting for unwanted variation (variations in yields
unrelated to pollution). The major exception to this is linme

which could be used to counteract the effect of acidity from

air pollution. The nmeasure of damage in these regressions is
consequently the effects from air pollution which still occur
controlling for mtigation efforts. The total danmage from air

pollution is the sum of these remaining crop danmages plus the
cost of mtigation.

The effect of air pollution on soybean crop yields are evident
in the coefficients for sulfur dioxide, acid rain, and the south-

ern quadrant. The southern quadrant neasures the pollution from
a nmediumsized netropolitan area (Omha) which lies to the south
(about 120 kiloneters). Whatever pollution this netropolitan
area (generates, it appears to be beneficial to soybean crop

yields. O course, this result nust be accepted cautiously
since the anbient levels of pollutants from Oraha were not pre-
cisely nmeasured. Sul fur dioxide from the power plants appears
to increase soybean yields. The coefficient is not only posi-
tive in all three years, but it increases as the level of ems-
sions rises. Al though this my seem a surprising result, it is
consistent with findings elsewhere [see Lee et. al.(1981),
Noggle (1979), Noggle and Jones (1979).]

Through dry and wet deposition, sulfur dioxide nay provide sulfur

the soil. Wth the sulfur-poor soil in the Geat Plains, the sulfur

dioxide nay be providing a needed nutrient of the plant (Tubatukai,
1976) . Acid rain, measured in terns of wet deposition, on the

other hand, is harnful. Mre wet deposition, «correlated with

71



lower vyields both across farns and across tine. Whereas sul -
fur dioxide provides needed sulfur, the chemical form of acid
rain appears to danmage soybeans.

Anot her possible interpretation of these results is that the
conposition of pollution near the pollution source is, on bal-
ance, beneficial to soybeans but the conposition of pollution
far from the plants is generally nore harnful. Acid rain may
be a proxy for other long range pollutants (such as sulfate).

Exami nation of Table 111-6 suggests sinmilar patterns as in
Table I11-5. Several farm inputs significantly increase corn
yields but the evidence is m xed. Thus, the inputs could be

proxies for the original conditions of individual farms or

true measures of ineffective farm products (see for exanple the
i nsecticide coefficient). Crop yields rise with the Ilevel of
sul fur dioxide across farns in all three years studied. W th
corn, however, the size of those coefficients falls as the
pollution Ilevel increases. Acid rain, as wth soybeans, is
harmful to corn vyields. The size of this coefficient rises
between 1969 and 1974 but falls in 1979. The results of this
corn analysis thus parallel the soybean analysis except for

the coefficients estimated on 1979 data. However, the 1979 data
for corn is particularly poor quality (fewer observations and
less information) so that it should not be given equal weight.
The other mjor difference between corn and soybeans is that
yields are lower for corn in the southern quadrants (nearer
Omaha) .

Both corn and soybeans exhibit beneficial effects of sulfur

di oxide and harnful effects of wet deposition. Except for the
1979 corn coefficients, these results are consistent both across
farms in a given year and across tine. Al'though it is always
possible that the pollution may be a proxy for sonme other factor

the consistency of the cross-sectional and time evidence certainly
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increases the reliability of the result.

In order to quantify the dose-response function, it is nec-
essary to adjust the pollution index each vyear for the |evel
of em ssions. These adjusted coefficients are displayed in
Table |V-7. The beneficial dose-response of corn to sulfur
di oxide increases through 1974 and then drops dramatically in
1978. The harnful response of corn to acid rain rises dranae-

tically in 1974 only to fall by an order of mgnitude in 1978.
There is no apparent reason for these wide swings of corn
yields in response to pollution. The intertenporal vari ation
appears to reflect the lack of precision in the estimation
procedure at least wth respect to corn

The soybean coefficients in Table [11-7 reveal an interesting
pattern. The size of the coefficients rises by a factor of five
between 1969 and 1974 and then doubles again in 1978. Thus, the
potency of a wunit of sulfur emissions is grow ng. I nterestingly
enough, it is growing in proportion to the tons of coal being
bur ned. The total tons of <coal increased slightly nore than

five fold between 1969 and 1974 and about two and a half tines
between 1974 and 1979. The fact that effects increased in pro-
portion to the tons of coal burned rather than the amunt of sul-
fur dioxide released suggest it is not sulfur which is affecting
crop yield, but rather some other conponent of air pollution

Changes in non-sulfur components of coal conposition may, therefore,
account for some of the variation

In order to test whether substantial mtigation is occuring on the
farms, we asked farnmers whether they were concerned about air

pol | uti on. Virtually every farner thought the air pollution from
the power plant was inconsequential to his production. Obvi ously,
if the air pollution is considered uninportant, it 1is wunlikely

farmers spent substanti al resources consciously mitigating its effects.
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TABLE I11-7. Dose- Response Functi ons.

CORN
1969 1974
Sulfur Dioxi de? 5. 688 7.957
Acid Rain? 7.806 5. 400
SOYBEANS
1969 1974
Sulfur Dioxi de? 601 2.986
Acid Rain” 3. 442 16. 37]

8The dose-response neasure is in bushels
of sulfur dioxide at ground |Ievel

b : .
The dose-response neasure is in bushels

of sulfur dioxide washed out by rain.
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1978

. 493
3.978

1978

5. 640
39.518

per acre per

per acre per

100 ug/m>

100 ug/m3



If farnmers were concerned about the harnful effects of acid rain,

one option they could pursue is to add line to their soils to
counteract the acidity. In order to test whether farners were
adding linme to mtigate air pollution, we ran two regressions,
one including linme as an independent variable and the other
excluding it. The regression wth |[|ime neasures the dose-re-
sponse of fields wthout mitigation. The regression without

lime adjusts the dose-response curve to include nitigation.

Thus, if mtigation through adding line is significant, the
regressions wth |linme should have larger negative pollution
coefficients than the regressions where |line is excluded. Exam n-
ing Table 111-8, it is apparent that the dose-response effects are
larger in each regression when I|linme is excluded. The evidence

suggests that farners do in fact nitigate the harm of acid rain

by adding line to their soil.
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TABLE

Sul f ur

Aci d

Sul f ur

Aci d

I11-8.

Di oxi de

Rai n

Di oxi de

Rai n

Unm ti gated

CORN

1969

5.688/1. 057

-7.806/-5.639

SOYBEANS

1969

. 601/ 1. 656

-3.442/9. 262
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Mtigation and Dose-Response Functions
Effect/Mtigated Effect (bushels/100

1974

7.957/6.400

-54.000/ -44. 285

1974

2.986/2.542

-16.371/-13. 800

ug/m3)



V. CONCLUSI ONS AND RECOMVENDATI ONS

A CONCLUSI ONS

The field analysis of air pollution and corn and soybean crop

yields indicates a subtle and indistinct relationshinp. Crop
yields fall slightly wth increasing exposure to air-pollution,
but this effect is neither sinple nor systenatic. W find that

the dose-response effect varies wth distance from the plant,
and that it varies across years in proportion to the anount of
coal burned, not sulfur enitted, and is sensitive to mtigation
by farners.

On a net basis, greater exposures to air pollution correlated
to lower corn and soybean yields per acre. This effect was not
totally consistent, however, so that one cannot be certain air

pollution truly damages crop VYields.

In order to deternmine which conmponent of the air pollution from
the power plant was actually harnful, we tracked both sulfur
dioxide and wet deposition from the plune. Sulfur dioxide, a
primary pollutant, tends to be npbst heavily concentrated near
the plant and concentrations fall rapidly wth distance. Wet
deposition, because it 1is virtually independent of the vertica
di spersion of the plume, tends to be nobre evenly spread across
nore distant |ocations. Thus, wet deposition behaves nore |ike
secondary or long transport pollutants. Regressions including
both sulfur dioxide and wet deposition indicated that the sulfur
di oxide was beneficial, but wet deposition was harnful. W con-
clude from this that the probable agent of danage from the power
plant tends to be a long transport nmaterial. It could be wet
deposition itself in the form of acid rain or it could be other
small particles such as sulfate or a lethal netal. The fact that
sul fur dioxide appeared beneficial 1is not inconceivable. The

sane result has been reported in a nunber of other independent
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st udi es. Further, sulfur is a mneral often added to fertilizers
to enhance productivity. Thus, at least in noderate quantities,

it could increase crop yields of both corn and soybeans.

The power plant in our study increased output substantially over
the years of observation permtting a glinpse of the history of
the dose-response curve. Across both soybean and corn (except
for corn in 1978), the size of the response in relation to proxi-

mty to the power plant plume grew larger over tine.

Farnms which were relatively close to the power plant plune
received nore damage over tinme or as nmore pollutants were emtted
by the plant. The tine series thus confirms the general results
of the «cross-section analysis. Examining the historical data
nore closely, we found that the dose response curve grew nore
steep in proportion to the total amunt of coal burned. Thi s
result suggests that the factor which is harmng crop yields is
not reduced when one shifts from high sulfur to low sulfur coal
The harm to crop yields increased in proportion to the tonnage
of coal burned, not the tonnage of sulfur emtted. Again, the
data points away from fulfur dioxide and towards sone other

conmponent of the plune from a coal fired generator

Another result of this study is that mtigation is possible on
the farm Al though none of the farners in the study consciously
take steps to reduce the consequences of air pollution, mny of
the farners add lime to their soils when they becone acidic. O
course, one of the possible causal routes of damage by air pollu-
tion is the acidification of the soil. Thus, if farmers add Iline
to their soils when necessary, the harnful effect of the air
pollution could be reduced. The results of regressions wth and
without |ine as an independent variable indicate that |ine does
partially reduce the harnful effect of air pollution, although
obviously this reduction does have a cost. The evidence does give
at least sonme credence to the theory that one causal route of damage

is through acidification of the soils.
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B. METHODOLOGI CAL SUCCESS
There are two independent nethodol ogies used, each based on
correlation wth predictions of the neteorological nodel. The
net eorol ogi cal nodel was found to be reasonably accurate for the
purposes of this study although near field (less than 10 km and
far field (greater than 100 knm) predictions my be sonewhat
i naccur at e.
The interview nethodology for individual farns was found to be
basically wunsuccessful. The nmethod is time consunming and vyields
results of questionable accuracy and validity. Regr essi on
results were found to be non-significant for this nethod, due
in part to the small sanple size and in part to the large fluc-
tuations in the data. If this method is used for data gathering
in the future, we reconmend using interviewers from the area
near the case-study site.
The county data analysis was basically successful. Regr essi on
coefficients were significant for certain paraneters and dose-
response coefficients for air pollutant effects were derived.
Problens which beset this technique, however, i ncl uded
o changes in Census of Agriculture between
di fferent years;
o variations in soil type which were not
guantifiable at this site;
o non-availability in the Census of certain
usef ul par anet ers;
o smallness of the emnission source.
Depsite these problens, the nethod did show realistic differences
in the response of the two crops and differences in the nechanisns
of wet and dry deposition
The approach taken here is sonewhat parallel to the epideniolo-
gical approach often taken relative to health effects of air
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pol | uti on. W had available a partially conmpiled (by county)
statistical data set which was correlated with air pollution

and other wvariables. The success of the county data analysis
shows that there is definite potential of this epidemologica
approach for agricultural vyields.

C RECOMVENDATI ONS FOR FUTURE RESEARCH

It is clear from the preceding conclusions that although the
regressions did not show dramatic correlations or high Ilevels

of vyield change, they did denpbnstrate the potential of the

county data analysis. The relatively small size of the source
coupled with soil variations caused sone uncertainty in
assigning the wvariation in yield to air pollution dose. It is

not particularly surprising that this should occur in this first

test case-study.

The authors reconmmend that the county data approach be pursued

rather than the on-site interview approach. The county data
approach can be conducted quickly with only limted on-site

checking for soil condi ti on, genetic variability, production
techni ques, and other inportant variables. The authors feel

that exploration of this approach wth 3-4 case study sites
(using wvarious <crops) could result in conplete definition

of a wusable nmethod of determning yield affects of acidic

pol | uti on. Such study should nore carefully explore soil varia-
tion, meteorological factors and background ©pollutant concentra-
tions across a variety of sites. The wusefulness of the technique

in nore highly wurbanized areas could also be ascertained.

As is typical wth individual experinents, this study causes
nore questions than it answers. For instance:
o Wiat is the harnful conponent of the power
plant plune which causes distant danages?
o Wy are danmmges proportional to coal tonnage

and not to sulfur emtted?
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o Wuld the results change if the overal

level of pollution increased?

o Are other mjor crops equally susceptible

to air pollution?

Only further planned (laboratory) and unplanned

(epi dem ol ogi cal)
experinments can answer these questions.
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